A reverse hybridization test (Inno-LiPA HCV; Innogenetics, N.V., Zwijnaarde, Belgium) was used for typing hepatitis C virus. All 38 samples, typed by PCR with primers from core and NS5 genes, were also genotyped by this test. Of the samples, 33 (87%) had the same subtypes by both assays. The correlations between PCR and Inno-LiPA for individual types were 77% for type I (1a), 90% for type II (1b), 100% for type III (2a), 100% for type IV (2b), and 100% for type V (3a). One of the type III (2a) samples also reacted with type I (1a) probes in the Inno-LiPA test.
A number of genotypes of hepatitis C virus (HCV) have been reported, depending on the methods used, such as detailed sequence homology studies (3), restriction fragment length polymorphisms of amplified PCR products (7, 8) , and PCR amplification with subtype-specific primers (1, 4, 9, 10) . The genotyping of HCV isolates has become important for epidemiological studies (2, 13) and treatment with interferon (6, 14) .
Recently, a commercial test for HCV subtyping has been developed by Innogenetics, N.V., Zwijnaarde, Belgium. In this assay, oligonucleotides derived from the 5Ј noncoding region (NCR) act as specific probes for each genotype. The specific probes are immobilized as parallel lines on nitrocellulose strips and are then hybridized with amplified PCR product. The published data suggest that this line probe assay (LiPA) is able to identify HCV subtypes (12) .
In this report we have compared genotyping by PCR and Inno-LiPA (Innogenetics) for HCV isolates. A total of 38 serum samples positive for anti-HCV by enzyme immunoassay and RIBA-3 (Chiron Corporation, Emeryville, Calif.) and positive for HCV RNA by PCR were typed by specific primers from the core and NS5 regions (1) . Of the samples, 13 were type I, 10 were type II, 7 were type III, 6 were type IV, and 2 were type V according to the typing scheme of Okamoto et al. (9) . According to the HCV genotype classification proposed by Simmonds et al. (11) and recently adopted by consensus at the 2nd International Conference of HCV and Related Viruses (August 1994, San Diego, Calif.), these genotypes will be further referred to as 1a (I), 1b (II), 2a (III), 2b (IV), and 3a (V). These samples were further tested with the Inno-LiPA HCV amplification and hybridization kit. The HCV RNA was extracted from 50 l of serum by a previously described method (5) . The PCR amplification was performed with biotinylated primers according to the manufacturer's protocol. The nucleotide sequences, orientations, and positions of the primers were as follows: CCCTGTGAGGAACTWCTGTCT TCACGC, sense, Ϫ299; GGTGCACGGTCTACGAGACCT, antisense, Ϫ1; TCTAGCCATGGCGTTAGTRYGAGTGT, sense, Ϫ264; and CACTCGCAAGCACCCTATCAGGCA GT, antisense, Ϫ29 (12). The Inno-LiPA HCV typing is based on the reverse hybridization principle. Oligonucleotide probes, specific for each subtype, are hybridized with an amplified biotinylated sample. Following hybridization and a washing step, streptavidin labelled with alkaline phosphatase is used to detect the biotinylated hybrid. Color development was achieved by addition of the substrate nitroblue tetrazolium-5-bromo-4-chloro-3-indolylphosphate toluidinium (NBT-BCIP). The test was performed according to the recommended protocol. The pattern of reactivity to different probes was noted, and the subtypes were interpreted by comparison of the patterns of the reactive lines with a template (Fig. 1) . The Inno-LiPA kits were kindly provided by Innogenetics for trial. All samples for which results that were discordant between Inno-LiPA and PCR subtyping were observed were further subjected to direct PCR cycle sequencing with the AmpliTaq Cycle Sequencing Kit (Perkin-Elmer Cetus, Norwalk, Conn.). The sequencing primers for the 5Ј NCR were 5Ј-GTGCAGCCTCCAGGACCC-3Ј (position Ϫ223, sense), 5Ј-GGGCACTCGCAAGCACCC-3Ј (position Ϫ43, antisense), and 5Ј-TAGATTGGGTGTGCGC GCGA-3Ј (position Ϫ467, sense) for the core gene.
The results showed that most of the samples genotyped by PCR were also subtyped by the Inno-LiPA system (Table 1) . From the 13 samples genotyped as type 1a by PCR, 10 were characterized as type 1a by Inno-LiPA, 2 were characterized as type one prime (1Ј), and one was characterized as type 1b by a later test. This difference was not significant (P ϭ 0.22, Fisher's exact test), although the statistical analysis was hampered by the small number of samples tested. According to the protocol, the type 1Ј samples belong to type 1 because they react with group probes (3 and 4) ; however, because of a point mutation in the region corresponding to subtyping probe 5, they do not hybridize to it and thus cannot be further subtyped as 1a. This was confirmed with one of the two type 1Ј samples. Upon sequencing of the 5Ј NCR of sample 223, a single nucleotide substitution (T instead of C at position Ϫ94) was observed in the region corresponding to subtyping probe 5.
Sequencing of the 5Ј NCR of the second type 1Ј sample (1571) did not show mutations that could abolish the hybridization with subtype-specific probes for type 1. However, we found an A-to-G transition at position Ϫ99, suggesting that this sample should have reacted in the first place with subtypespecific probe 6 (genotype 1b). To further clarify this observation, we sequenced a PCR-amplified fragment of the core gene, in which a significant variation between type 1a and 1b is usually found (nucleotides 481 to 642), and complete sequence homology with previously published HCV genotype 1a was observed. This suggests that this sample is type 1a, although it is not clear why it did not react with the subtype-specific probe.
The third discrepant sample (559), which was characterized as type 1b by Inno-LiPA and type 1a by PCR genotyping with both core and NS5 gene-specific primers, also had G at position Ϫ99. The sequencing of the above-mentioned region in the core gene also confirmed that it was type 1a of HCV.
Of samples genotyped as type 1b by PCR, 90% were also characterized as subtype 1b by Inno-LiPA. Again, one sample reacted only with group probes 3 and 4 but not with 1b-specific probe 6. Sequencing of part of the 5Ј NCR revealed a single mutation at position Ϫ94 (a T-to-C transition) which renders it nonreactive with probe 6. In this group, two samples (720 and 748) had very poor staining reactions with subtyping probe 6. This happened in spite of the fact that we used extended conjugate incubation of 45 min and prewarmed the substrate buffer to 37ЊC.
All of the type 2a isolates were characterized as 2a by Inno-LiPA except one in which a double infection of 1a and 2a was observed. The same sample was repeatedly characterized as negative for type 1a by PCR with core and NS5 gene-specific primers. Sequencing of the nested PCR products from the 5Ј NCR and core gene of this sample showed that it belongs to type 2a only, as no bands with identical mobilities in two different lanes of the gel could be found. It is possible, however, that PCR cycle sequencing may fail if the starting concentration of HCV RNA type 1a is significantly lower than that of HCV RNA type 2a in the same sample. We have shown previously (1) that not all samples positive for HCV RNA in the 5Ј NCR were amplified with core-and NS5-specific primers for types 1 to 3. A possible explanation may be that the sensitivity of 5Ј NCR nested PCR is higher than that of core or NS5 nested PCR.
All type 2b isolates were also characterized as 2b by InnoLiPA. Two samples were characterized as type 3a by PCR (10) and as type 3a by the Inno-LiPA test.
The positions of the type-specific probes in Inno-LiPA are properly chosen in the 5Ј NCR motifs consisting of nucleotides Ϫ170 to Ϫ155 (Ϫ170/Ϫ155), Ϫ140/Ϫ117, and Ϫ116/Ϫ70, with little similarity between types. Our results show that the line probe assay discriminates very well between HCV types 1, 2, and 3.
No problems were encountered with subtypes 2a and 2b. Also, the majority of type 1 HCV isolates were subtyped correctly as 1a and 1b. The sequence homology between these two subtypes in the 5Ј NCR is very high (98.8% identity between HCV type 1 [1a] and HCV type J [1b] [12] ). The only possible sequence motif to discriminate between subtypes 1a and 1b was defined as probe 5 or 6. The difference between them is a single nucleotide change, an A-to-G transition at position Ϫ99 which obviously occurred in all of the subtype 1b HCV isolates in this study. However, at least in two HCV samples which were subtyped as 1a by core and NS5 PCR genotyping as well as sequencing of part of the core gene, we have observed an A-to-G substitution at position Ϫ99. This indicates that subtyping of HCV type 1 with probes 5 and 6 relying only on a single A-to-G transition may not be applicable to all HCV isolates.
The Inno-LiPA is easy to perform, and it could be used by most of the laboratories working with HCV subtyping. Subtyping by sequencing is a time-consuming process, and most laboratories do not have the facilities. The availability of the Roche Diagnostic Systems commercial HCV PCR assay (Branchburg, N.J.) will further simplify Inno-LiPA genotyping because the same amplified product can be directly used for subtyping.
The Inno-LiPA is available in kit form, and this will facilitate worldwide epidemiological studies of HCV. To the best of our knowledge, this is the first report comparing PCR-based genotyping with a commercial hybridization probe assay for HCV subtyping.
In conclusion, the line probe assay can discriminate between different subtypes of HCV in most of the samples tested. a All HCV samples were characterized as the same genotype with specific primers from both the core and NS5 genes.
b Numbers refer to lines in Fig. 1 (A 
